Methoxychlor, an organochlorine pesticide, is thought to be an endocrine disrupter that affects Ca 2+ homeostasis and cell viability in different cell models. This study explored the action of methoxy- 
Introduction
Methoxychlor is an organochlorine pesticide used worldwide and is thought to be an endocrine disrupter that affects many systems (11, 16, 17) . Copious evidence shows that methoxychlor exerts various actions on many cell types, mainly related to the reproduction system. Methoxychlor was shown to induce death in mouse ovarian antral follicles (1, 29) that might involve inhibition of growth by altering cell cycle regulators and causing mitochondrial dysfunction and oxidative damage through Bcl-2-and Baxmediated pathways (26) . In vivo data suggest that methoxychlor causes immunotoxicity in female ICR, BALB/c, and C3H/He mice (12, 19) .
Methoxychlor was shown to induce apoptosis in different cells such as mouse thymocytes (13) , rat testis cells (37) , immunocytes (14) , human oral cancer cells (35) and canine renal tubular cells (5) . However, methoxychlor was shown to enhance growth of human breast cancer cells and alteration of the expression of cell cycle-related genes, cyclin D1 and p21, via an estrogen receptor-dependent signaling pathway (21) . In a previous study, methoxychlor interfered with hormone signaling in ovary via two mechanisms: altering the availability of ovarian hormones, and altering binding and activity of the hormone at the receptor level (8) . In addition, methoxychlor interacted with membrane receptors that modulate ovarian steroidogenesis (8) . In sum, it appears that methoxychlor has different effects on various cells depending on the experimental conditions.
Methoxychlor is metabolized in the liver (33) . In vivo studies show that methoxychlor is hepatotoxic (27) . In vitro evidence shows that methoxychlor causes death or alters growth in several cell lines including murine Hepa-1c1c7 cells (18) , human HepG2 cells (9) , frog hepatocytes (32) , fish hepatocytes (30) , and chicken embryo hepatocytes (24) . Although methoxychlor has been shown to induce intracellular Ca 2+ concentration ([Ca 2+ ] i ) rises in human granulosa-lutein cells (38) or human umbilical vein endothelial cells (40) , the effect of methoxychlor on Ca 2+ signaling is unclear in hepatocytes from humans or animals. Thus the aim of this study was to explore the effect of methoxychlor on Ca 2+ movement and viability in human HA59T hepatoma cells. Ca 2+ is a highly versatile intracellular signal, controlling a wild range of cellular events, such as proliferation, development, division, migration, contraction, fertilization, gene expression, secretion and death (2) 
Materials and Methods

Chemicals
The reagents for cell culture were purchased from Gibco ® (Gaithersburg, MD, USA). Fura-2/AM and BAPTA/AM were purchased from Molecular Probes ® (Eugene, OR, USA). Methoxychlor and all other reagents were purchased from Sigma-Aldrich (St. Louis, MO, USA) unless otherwise indicated.
Cell Culture
HA59T human hepatoma cells obtained from Bioresource Collection and Research Center (Taiwan) were cultured in Dulbecco's modified Eagle medium supplemented with 10% heat-inactivated fetal bovine serum, 100 U/ml penicillin and 100 µg/ml streptomycin.
Solutions Used in [Ca
2+
] i Measurements Ca 2+ -containing medium (pH 7.4) had 140 mM NaCl, 5 mM KCl, 1 mM MgCl 2 , 2 mM CaCl 2 , 10 mM Hepes, and 5 mM glucose. Ca 2+ -free medium (pH 7.4) contained 140 mM NaCl, 5 mM KCl, 3 mM MgCl 2 , 0.3 mM EGTA, 10 mM HEPES, and 5 mM glucose. Methoxychlor was dissolved in dimethyl sulfoxide as a 1 M stock solution. The other chemicals were dissolved in water, ethanol or dimethyl sulfoxide. The concentration of organic solvents in the experimental solutions did not exceed 0.1%, and did not affect viability or basal [Ca 2+ ] i .
[Ca
2+ ] i Measurements
Confluent cells grown on 6 cm dishes were trypsinized and made into a suspension in culture medium at a density of 10 6 cells/ml. Cell viability was determined by trypan blue exclusion. The viability was greater than 95% after the treatment. Cells were subsequently loaded with 2 µM fura-2/AM for 30 min at 25°C in the same medium. After loading, cells were washed with Ca 2+ -containing medium twice and was made into a suspension in Ca 2+ -containing medium at a density of 10 7 cells/ml. Fura-2 fluorescence measurements were performed in a water-jacketed cuvette (25°C) with continuous stirring; the cuvette contained 1 ml of medium and 1 million cells. Fluorescence was monitored with a Shimadzu RF-5301PC spectrofluorophotometer immediately after 0.1 ml cell suspension was added to 0.9 ml Ca 2+ -containing or Ca 2+ -free medium, by recording excitation signals at 340 nm and 380 nm and emission signal at 510 nm at 1-sec intervals. During the recording, reagents were added to the cuvette by pausing the recording for 2 sec to open and close the cuvette-containing chamber. For calibration of [Ca 2+ ] i , after completion of the experiments, the detergent Triton X-100 (0.1%) and CaCl 2 (5 mM) were added to the cuvette to obtain the maximal fura-2 fluorescence. Then the Ca 2+ chelator EGTA (10 mM) was added to chelate Ca 2+ in the cuvette to obtain the minimal fura-2 fluorescence. Control experiments showed that cells bathed in a cuvette had a viability of 95% after 20 min of fluorescence measurements. [Ca 2+ ] i was calculated as previously described (3, 4, 6, 15) . Mn 2+ quenching of fura-2 fluorescence was performed in Ca 2+ -containing medium containing 50 µM MnCl 2 . MnCl 2 was added to cell suspension in the cuvette 30 sec before the fluorescence recoding was started. Data were recorded at excitation signal at 360 nm (Ca 2+ -insensitive) and emission signal at 510 nm at 1-sec intervals as described previously (25) .
Cell Viability Assays
The measurement of cell viability was based on the ability of cells to cleave tetrazolium salts by dehydrogenases. Increases in the amount of developed color directly correlated with the number of live cells. Assays were performed according to manufacturer's instructions (Roche Molecular Biochemical, Indianapolis, IN, USA). Cells were seeded in 96-well plates at a density of 10,000 cells/well in culture medium for 24 h in the presence of methoxychlor. The cell viability detecting tetrazolium reagent 4-[3-[4-lodophenyl]-2-4(4-nitrophenyl)-2H-5-tetrazolio-1,3-benzene disulfonate] (WST-1; 10 µl pure solution) was added to samples after methoxychlor treatment, and cells were incubated for 30 min in a humidified atmosphere. In experiments using BAPTA/AM to chelate cytosolic Ca 2+ , cells were treated with 5 µM BAPTA/AM for 1 h prior to incubation with methoxychlor. The cells were washed once with Ca 2+ -containing medium and incubated with/ without methoxychlor for 24 h. The absorbance of samples (A 450 ) was determined using an enzyme-linked immunosorbent assay (ELISA) reader. Absolute optical density was normalized to the absorbance of unstimulated cells in each plate and expressed as a percentage of the control value.
Alexa
® Fluor 488 Annexin V/PI Staining for Detection of Apoptosis
Annexin V/PI staining assay was employed to further detect cells in early apoptosis stage. Cells were exposed to methoxychlor at concentrations of 0, 10 and 50 µM for 24 h. Cells were harvested after incubation and washed in cold phosphate buffered saline (PBS). Cells were resuspended in 400 µl reaction solution with 10 mM of HEPES, 140 mM of NaC1, 2.5 mM of CaC1 2 (pH 7.4). Alexa ® Fluor 488 annexin V/PI staining solution (Probes Invitrogen, Eugene, OR, USA) was added in the dark. After incubation for 15 min, the cells were collected and analyzed in a FACScan flow cytometry analyzer. Excitation wave was at 488 nm and the emitted green fluorescence of Annexin V (FL1) and red fluorescence of PI (FL2) were collected using 530 nm and 575 nm band pass filters, respectively. A total of at least 20,000 cells were analyzed per sample. Light scatter was measured on a linear scale of 1024 channels and fluorescence intensity was on a logarithmic scale. The amount of apoptosis was determined as the percentage of Annexin V + /PI -cells.
Statistics
Data are reported as mean ± SEM of three separate experiments. Data were analyzed by one-way analysis of variances (ANOVA) using the Statistical Analysis System (SAS ® , SAS Institute Inc., Cary, NC, USA). Multiple comparisons between group means were performed by post-hoc analysis using the Tukey's HSD (honestly significantly difference) procedure. A P-value less than 0.05 were considered significant. (Fig. 3A) . 
Results
Concentration-Dependent Effect of Methoxychlor on
Effect of Methoxychlor on Cell Viability
Because acute incubation with methoxychlor (0.1-1 µM) induced a substantial [Ca 2+ ] i rise, and that unregulated [Ca 2+ ] i rise may change cell viability (2), experiments were performed to examine the effect of methoxychlor on viability of cells. Cells were treated with 0-130 µM methoxychlor for 24 h, and the tetrazolium assay was performed. Methoxychlor at 1 µM did not alter cell viability. In the presence of 10-130 µM methoxychlor, cell viability decreased in a concentration-dependent manner (Fig. 4) . 
Lack of a Relationship between
A Possible Involvement of Apoptosis in Methoxychlor-Induced Cell Death
Because the cytotoxic response was most significant between 10 µM and 50 µM methoxychlor, these concentrations were chosen for apoptotic experiments. Annexin V/PI staining was applied to detect apoptotic cells after methoxychlor treatment.
Figs. 5A and B show that treatment with 10 µM or 50 µM methoxychlor significantly induced apoptosis in a concentration-dependent manner in HA59T cells.
Discussion
The results show that methoxychlor induced [Ca 2+ ] i rises and cell death in human hepatoma cells. The data are notable because methoxychlor is metabolized in the liver. Previous studies showed that methoxychlor induced [Ca 2+ ] i rises from extracellular space in human granulosa-lutein cells (38) . In our study, methoxychlor appeared to increase [Ca 2+ ] i solely by inducing Ca 2+ entry from extracellular medium without involvement of Ca 2+ release from stores. Previous evidence showed that several stimulants induced [Ca 2+ ] i rises in HA59T cells by causing Ca 2+ influx and also Ca 2+ release (from the endoplasmic reticulum) (6, 8, 23) . Furthermore, methoxychlor (10-20 µM) was shown to increase [Ca 2+ ] i in other cell types such as human oral cancer cells (35) and renal tubular cells (5) (34) and smooth muscle cells (31) .
Our study shows that methoxychlor was cytotoxic to HA59T cells in a concentration-dependent manner between 10 and 130 µM. The concentration range of methoxychlor used in [Ca 2+ ] i measurements (0.1-1 µM) and cytotoxicity assays were not comparable. This was because in [Ca 2+ ] i measurements cells were exposed to methoxychlor for only a few min; whereas in cytotoxicity assays cells were exposed to methoxychlor overnight. Ca 2+ overloading is known to initiate processes leading to alteration in cell viability. Because methoxychlor induced both [Ca 2+ ] i rises and cell death in HA59T cells, the relationship between death and a preceding rise in [Ca 2+ ] i was explored. Our data show that methoxychlor-induced cell death was not altered when cytosolic Ca 2+ was chelated by BAPTA/AM. This implies that methoxychlor-induced cell death was not triggered by a [Ca 2+ ] i rise. Furthermore, apoptosis appeared to be involved in methoxychlor-induced cell death based on Annexin V/PI staining assays. Although 50 µM methoxychlor caused cell death by 50% in viability experiments, the same concentration of methoxychlor only induced apoptosis in 13% of cells. Thus it is possible that the significant loss of cell viability is through other pathways such as necrosis or autophagy.
Previous studies explored the plasma concentration of methoxychlor after oral ingestion. BioResponse methoxychlor (BR-methoxychlor)-related adverse effects were reported at doses up to 1 mg. A single 1 mg dose of BR-methoxychlor resulted in a mean C max of ~10 µM after 24 h (10). In contrast, our data show that methoxychlor at concentrations between 0.1-1 µM evoked [Ca 2+ ] i rises without altering cell viability in HA59T cells. In addition, methoxychlor was metabolized in the liver. den Tonkelaar and van Esch (10) also show that in elderly or liver impaired patients, the plasma concentration of methoxychlor after oral administration might be 3-fold higher than in healthy adults. The local concentrations in the liver may be even much higher than in the plasma. Thus, our study may have clinical relevance.
Together, the data show that methoxychlor induced [ 
